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Breathlessness, or dyspnoea, cannot be defined in absolute terms, and patients often have difficulty in describing the sensation. A history was taken from patients with severe airways obstruction who appeared to have laboured breathing at rest or on minimal exertion. Often these patients described difficulty with inspiration but said that expiration was easy as they relaxed and let the air out. There are several mechanical disturbances in patients with severe airways obstruction which may contribute to dyspnoea. The increased inspiratory airways resistance found in some patients could contribute to inspiratory dyspnoea. Marshall, Stone, and Christie (1954) found that the sensation of dyspnoea was related to the pressure exerted upon the lungs, and Nisell (1960) found that, in exercise, dyspnoea was related to the magnitude of the intra-oesophageal pressure fluctuations.
In addition to increased airways resistance, patients with severe chronic airways obstruction have altered respiratory muscle function. At increased lung volume, the respiratory muscles are shortened so that the muscles, particularly the diaphragm, work under a greater length-tension disadvantage than normal (Sharp et al., 1968) . At functional residual capacity (FRC) patients with severe airways obstruction generate a lower maximal static inspiratory (negative) pressure than normal (Byrd and Hyatt, 1968) . These changes could be relevant, as dyspnoea is common in neuromuscular disease and is related to the decreased strength of the respiratory muscles (Black and Hyatt, 1971) .
To investigate the respiratory mechanics of the patients with inspiratory dyspnoea at rest, it was decided to study both the pressures opposing inspiration and the respiratory muscle strength available for inspiration.
METHODS
PATIENT SELECTION The presence of inspiratory dyspnoea at rest was determined by asking patients with airways obstruction if they found it more difficult to breathe in or to breathe out. Those who found 669 it difficult to breathe in at rest were selected for the study if the subjects to breathe in as deeply as possible against the closed mouth shutter. They were instructed not to suck and also to keep their hands closely applied to the cheeks. They breathed through a stiff rubberflanged mouthpiece connected to the mouth shutter apparatus and Fleisch head. Relaxation pressures (Elema-Schonander EMT 31 pressure transducer) were measured by asking the patient to relax against the closed mouth shutter. Before and between each pressure measurement the patient was allowed to rest, recover, and breathe quietly through the mouth shutter apparatus and Fleisch head until the FRC was stable. After every three measurements the patient inspired to total lung capacity (TLC) as a cross check on the actual thoracic gas volume at which the pressure measurements were made. The pressures and lung volume were recorded on an Offner multichannel pen recorder. Pressure measurements were made at FRC and at higher lung volumes. Each pressure had to be maintained for at least I 2 seconds. Reproducible relaxation pressures were more difficult to obtain than maximum inspiratory pressures, and one of the control patients was excluded because of his inability to achieve reproducible relaxation pressures. Another of the control patients was excluded because of inability to cooperate with the maximum inspiratory pressure measurements.
Inspiratory dyspnoea was induced in the normal subjects by two methods. First, the normal subjects were asked to breathe at a high lung volume, at which they experienced inspiratory difficulty. A constant high lung volume was maintained by displaying the volume-flow loop on the oscilloscope screen and asking the subject to keep the loop in the same position. Thoracic gas volume and inspiratory airways resistance were measured while the subjects were experiencing inspiratory dyspnoea.
Secondly, an inspiratory resistance was used and again lung volume and airways resistance were measured while using this resistance. The resistance consisted of a metal washer with an internal diameter of 13 mm, to which was attached a plastic disc. The disc was free to flap in one direction and had either two or three holes of 2 mm diameter drilled in it. The resistance was inserted in the mouth shutter housing on the mouth side of the pressure leads. Measurements were also made using this resistance as an expiratory resistance to increase the lung volume (Campbell, Howell, and Peckett, 1957) and, hence, decrease the inspiratory muscle strength. None of the subjects experienced inspiratory dyspnoea with the expiratory resistance.
Maximum inspiratory pressure-lung volume and relaxation pressure-lung volume points were plotted, and lines of best fit were drawn by eye (Fig. 1) Fig. 1 ). The pressure needed to overcome the elasticity of the lung and chest wall at a given lung volume was taken as the relaxation pressure at that lung volume (b, Fig. 1 ). The pressure, Pfiiw, required to produce Vmax QB was the sum of the pressure to overcome airways resistance plus the relaxation (a+b, Fig. 1 ). The inspiratory muscle strength, Pmus, at Vmax QB was the sum of the maximum inspiratory pressure plus the relaxation pressure at that lung volume (b+c, Fig. 1 ). The pressures were obtained from the pressurevolume curves.
The ratios of Prfow (a+b) to Pmus (b+c) (Fig. 1 (Table I ). The pressures were significantly less than those in the younger normal subjects who had a lower FRC. The inspiratory pressure-volume curve was shifted up and to the left in both patient groups (Fig. 2) .
At Vmax QB and, consequently, at a higher lung volume, there was a decrease in the maximum static inspiratory pressures (Table II) (Table I) .
However, the pressure required to overcome the airways resistance at Vmax QB was higher in the patients with inspiiatory dyspnoea at rest and differed significantly (p = 0 05) from that required in the patients without inspilatory dyspnoea (Table II) . Pfiow was highest in the patients with inspiratory dyspnoea and differed significantly from that of the patients without inspiratory dyspnoea (p= 0 -05) and the normal control subjects (P<0 01) (Table II, Fig. 3) .
The added expiratory resistance did not produce inspiratory dyspnoea in the normal subjects although it was associated with a decrease in the inspiratory muscle strength and increase in relaxation pressure. This was due to an increase in FRC in all seven normal subjects (4*75 ± 1 *32 to 5*43 ± 1 *66 litres, P <0 01).
There was an increase in Pflo,w (due to the increased relaxation pressure). However, there was a considerable overlap between these pressures and the pressures required in the patients with inspiratory dyspnoea (Fig. 3) .
The added inspiratory resistance increased Pflow. The pressures produced were similar to those of the patients with inspiratory dyspnoea and above and significantly different from the pressures in the patients without inspiratory dyspnoea (p= 0 02) and the normal subjects (p <0 -02). There was an insignificant overall decrease in FRC. In two subjects with the largest falls in FRC (one of whom did not experience inspiratory dyspnoea) Vmax QB was below the volume at which pressure measurements were made. Consequently the pressure could be calculated in only five subjects.
During the increased lung volume manoeuvres, measurements were obtained in five subjects. They experienced inspiratory dyspnoea at a lung volume of 83±2% of TLC, a similar percentage to that in the patients with inspiratory dyspnoea and above and significantly different from that of the patients without inspiratory dyspnoea (p = 0 -01). The Prfow did not differ significantly from those in the patients without inspiratory dyspnoea or from those in the normal subjects with the expiratory resistance (Fig. 3) .
Looking at all the results, there was a good overall relationship between the Pfiow and the presence of inspiratory dyspnoea (p <0 O01). However, there was considerable overlap in the pressures of those with and without inspiratory dyspnoea.
RATIO Pflow: Pmus The ratios (Table II) of Pflow to Pmus differ significantly in the two patient groups (p <0 01) and both differ significantly from that in the normal subjects (patients with inspiratory dyspnoea v normal subjects, P <001; patients without inspiratory dyspnoea v normal subjects, P= =0 01). There was no overlap in the ratios between the three groups (Fig. 4) .
In the normal subjects with the added expiratory resistance, inspiratory dyspnoea was absent. Although the ratios were increased, they were below, and significantly different from, those of the patients with inspiratory dyspnoea. The added inspiratory resistance increased the ratios in the five normal subjects with inspiratory with two exceptions, there was no overlap in the ratios of those with and without inspiratorydyspnoea. DISCUSSION dyspnoea in whom measurements were obtained. The Seven patients with severe airways obstruction have ratios were above and significantly different from the been described. Each has complained, while at rest, of control ratios (p<0 01) and just failed to differ sig-finding it difficult to breathe in and has said that nificantly from those with the expiratory resistance expiration was easy as he just relaxed and let the air (Fig. 4) . The ratios were slightly above those of the out. The sensation clinically appeared related to the patients without inspiratory dyspnoea; however, all severity of the airways obstruction. On examining the ratios were below those of the patients with inspira-respiratory mechanics, the sensation was related to tory dyspnoea. the proportion of the inspiratory muscle strength The ratios were increased in the normal subjects required to produce inspiratory flow and also to the with inspiratory dyspnoea caused by breathing at a pressure required to produce inspiratory flow. high lung volume. The ratios were higher than those
The sensation of dyspnoea has been related to the in the patients without inspiratory dyspnoea and pressure exerted upon the lungs (Marshall et al., 1954) lower than those of the patients with inspiratory and was more closely related to this than to the resdyspnoea and did not differ significantly from either piratory work. Similarly, Nisell (1960) found that, in of them. The ratios were above and significantly exercise, dyspnoea was more closely related to intradifferent from the control ratios (P<0-01) and the oesophageal fluctuations than to the respiratory ratios in those with the expiratory resistance work. In exercise, dyspnoea has also been related to (p= 0 *05).
the rate of change of transpulmonary pressure, even In the patients and normal subjects at rest, there when there was no overall increase in the transpulwas no overlap in the ratios of those with and those monary pressure (Suero and Woolf, 1970) . In the without inspiratory dyspnoea. In the normal subjects, lpresent study, oesophageal pressures were not This was true both in the patients with inspiratory dyspnoea and in the normal subjects in whom inspiratory dyspnoea was produced. However, there was no clear division between the Pfiow in those with inspiratory dyspnoea and in those without inspiratory dyspnoea (Fig. 3) .
There was a better relationship when the muscle strength was taken into account and the ratio of Pfiow to Pmus used. The ratios were calculated at Vmax QB as it was thought that this would indicate the stimulus most likely to produce dyspnoea. All the ratios of the patients with inspiratory dyspnoea were higher than those of the patients without inspiratory dyspnoea and the control subjects at rest. The patients with inspiratory dyspnoea had more severe airways obstruction. If the controls had equally severe airways obstruction they might have had similar Pfiow and ratios to the patients with inspiratory dyspnoea, the Pfiow and ratio increasing with the severity of the disease. Inspiratory dyspnoea was linked with the severity of the disease in that we were unable to find patients with equally severe airways obstruction who did not have inspiratory dyspnoea. However, two of the patients without inspiratory dyspnoea at rest complained of inspiratory dyspnoea on exertion when presumably the inspiratory flow rate and hence Ptiow and the ratio would be higher. Artificially increasing the Pfno, and ratio in the normal subjects produced inspiratory dyspnoea. Hence Pfiow and, especially, the ratio of Pfiow to Pmus were important in determining the presence of inspiratory dyspnoea which, in the patients, was related to the severity of the airways obstruction.
With two exceptions, all the ratios of the normal subjects in whom inspiratory dyspnoea was induced were higher than those in the normal subjects without inspiratory dyspnoea. However, there was considerable overlap in the ratios of the normal subjects with inspiratory dyspnoea and the ratios of the patients without inspiratory dyspnoea. The normal subjects experienced inspiratory dyspnoea at a lower ratio than the patients with inspiratory dyspnoea. The group.bmj.com on April 20, 2017 -Published by http://thorax.bmj.com/ Downloaded from lower ratio in the normal subjects could be explained if inspiration in the normal subjects was more difficult than indicated by the ratio. With the added inspiratory resistance, inspiration was prolonged and difficult whereas expiration was short, allowing little time for the subject to relax and recover between breaths. Similarly, breathing at a high lung volume was tiring. Expiration had to be consciously halted. At the end of expiration the subject could not relax as he had to maintain the high lung volume against the elasticity of the lung and chest wall. In both cases, the inspiratory muscles had less chance to recover and inspiration would be more tiring than indicated by the ratios.
The patients with airways obstruction and normal subjects might have a different threshold of pressure, or ratio, at which they experience inspiratory dyspnoea. The patients may have adapted to the use of higher pressures or ratios. Their muscles have undergone some change, as the inspiratory muscles in both patient groups were able to develop tension at lung volumes above the predicted normal TLC (Fig. 2) . This shift of the maximum inspiratory pressure volume curve to the left has been reported previously (Byrd and Hyatt, 1968) . This could be due to increased strength of the muscles or to a change in the resting length ofthe muscles.
Decreased muscle strength alone can cause dyspnoea, as is illustrated by the occurrence of dyspnoea in neuromuscular disorders (Black and Hyatt, 1971 ). However, inspiratory dyspnoea was not due solely to a decrease in muscle strength, as the patients with and without inspiratory dyspnoea had similar maximum inspiratory pressures and the normal subjects, with the added inspiratory resistance, tended to drop their lung volume with a consequent increase in inspiratory muscle strength.
The technique for measuring the maximum inspiratory pressure appeared satisfactory and the pressures recorded for the normal subjects were similar to those obtained by Cook, Mead, and Orzalesi (1964) . The inspiratory pressure measurements were static measurements. The tension a muscle can develop decreases with increasing rates of contraction (Hill, 1938) . The pressure developed by the inspiratory muscles has been measured at various inspiratory flow rates (Agostoni and Fenn, 1960) . At the low inspiratory flow rates observed during this study there would be only a slight decrease in muscle strength. The highest inspiratory flow rates were in the patients with inspiratory dyspnoea(0 78±0 181 s-1).
Reproducible relaxation pressures were difficult to obtain, and at lung volumes near TLC they often become quite erratic. However, at lower lung volume satisfactory pressures were obtained in the subjects reported. The difficulty in all methods of recording relaxation pressures is that complete relaxation of the respiratory muscles probably does not occur unless the patient is anaesthetized (Saksena and Burrows, 1966; Gullott, 1973) . If the compliance of the respiratory system is taken as 1 I kPa-1 (Gullott, 1973) , then the relaxation pressures, at Vmax QB, did not differ greatly from the expected values. The compliance of the respiratory system in anaesthetized patients with chronic airways obstruction has been reported as slightly above normal by Sharp et al. (1968) and below normal by Saksena and Burrows (1966) .
The relationship between inspiratory dyspnoea and the ratio of Pfiow to Pmus is consistent with the theory of length tension inappropriateness proposed by Campbell and Howell (1963) to account for the sensation of breathlessness. They considered that length tension inappropriateness would occur with both an increased load to respiration and with decreased muscle strength. Clinically, the presence of inspiratory dyspnoea indicated that the patient had severe airways obstruction and was using a high proportion of his inspiratory muscle strength during quiet breathing. It may be possible to alleviate inspiratory dyspnoea by decreasing the airways resistance or increasing the muscle strength. Increasing the muscle strength may mean that patients should be encouraged to use their accessory muscles during inspiration rather than relax them, and that exercises to increase the strength of the inspiratory muscles may be beneficial. An increase in muscle strength would also occur if the FRC is decreased when the airway resisrance is lowered. 
